The rapid diagnosis of an infectious cause in the course of fever of unknown origin plays a pivotal role in the correct management of neutropenic patients. In this study, blood samples from febrile oncohaematological patients were tested using a novel commercial real-time PCR assay (LightCycler SeptiFast; Roche Molecular Systems) and blood culture (BacT/Alert 3D; bioMé rieux). Twenty-one (20.4 %) and 34 (33 %) of the 103 samples under study tested positive by blood culture and PCR, respectively. The analysis of concordance evidenced a low correlation between the two approaches (83 %), mainly due to samples that tested negative by culture but positive using the molecular approach. Among 14 discordant cases negative by culture but positive by PCR, 12 were observed in sequential samples of patients with initial concordant results on samples drawn before the administration of a specific antimicrobial therapy. Moreover, DNA of a fastidious organism, Aspergillus fumigatus, not easily detectable by the cultural approach was rapidly detected in the two remaining discordant cases. Overall, the characteristics featured by the molecular method could be of interest in the development of new algorithms for the diagnosis of sepsis in critical patients.
INTRODUCTION
The possible infectious origin of fever is a central point in the management of neutropenic patients. Indeed, febrile neutropenia is associated with reduced survival, due not only to the infectious complications, but also to other factors, including chemotherapy dose-delays and reductions (Lo & Cullen, 2006) . Indeed, infections are a major risk for neutropenic patients, with the incidence of infections being related to the degree and duration of neutropenia (Norgaard et al., 2006) . A rapid microbiological diagnosis could therefore confirm an infectious cause of fever (thereby excluding non-infectious causes) and help in the choice of a specific therapy. Among the infectious causes, bacteria and fungi are the leading threats, with high infection-related mortality rate, especially for polymicrobial infections and moulds (Norgaard et al., 2006; Wisplinghoff et al., 2003) . The current gold standard for the detection of bacterial pathogens in blood is blood culture. However, all blood culture systems suffer from several limitations, such as lack of rapidity and low sensitivity, especially when the patient has already received antibiotics and when fastidious microorganisms are involved (Peters et al., 2004) . From this perspective, the diagnosis of bloodstream infections could prove really challenging in oncohaematological patients, who routinely receive prophylactic antibiotics and whose blood cultures therefore often remain negative (Buchheidt et al., 2003; Norgaard et al., 2006; Serody et al., 2000; Wisplinghoff et al., 2003) . Even after the detection of growth in cultured blood (usually not before 6-12 h of incubation), conventional blood cultures require at least a further 24-48 h for the definitive identification of the pathogen and the evaluation of its sensitivity to antibiotics (Beekmann et al., 2003; Peters et al., 2004) . Other parallel approaches are therefore needed, and among them well-designed molecular assays could prove really useful. Several molecular techniques have already been successfully used in routine microbiology laboratories for direct detection of viral, bacterial, mycotic and protozoan pathogens (Nolte & Caliendo, 2007) . However, their use on whole blood samples for detection of sepsis has been hampered by several factors, including insufficient sensitivity, presence of PCR inhibitors in blood, and the difficulty of setting up an assay capable of detecting a wide range of potential pathogens (Peters et al., 2004) . samples (LightCycler SeptiFast Test M Grade; Roche Molecular Systems), comparing its features to those of an automated continuous-monitoring conventional blood culture system (BacT/Alert 3D; bioMérieux). LightCycler SeptiFast Test is a real-time PCR-based assay reportedly capable of detecting a wide range of bacterial and mycotic pathogens ( Table 1 ). The assay uses dual fluorescence resonance energy transfer probes targeting the speciesspecific internal transcribed spacer (ITS) regions. These regions are multicopy non-coding sequences interspaced among highly conserved bacterial and fungal rDNA that have already been used as target for the identification of microbial pathogens (De Marco et al., 2007; Lau et al., 2007; Mancini et al., 2005 Mancini et al., , 2006 Park et al., 2006; Pryce et al., 2003) .
METHODS
Patients and specimens. A total of 103 blood samples were collected from 34 consecutive patients admitted to the Haematology Unit of San Raffaele Scientific Institute, Milan, Italy. Over a period of about 2 months (15 January-21 March 2007), each time a blood culture was requested (collecting at least 20 ml blood), a small aliquot of blood (1.5 ml) was also sampled for the molecular assay. Seventythree (70.9 %) samples were drawn from heavily neutropenic patients with a neutrophil count below 0.5610 9 l 21 . Ninety-five (92.2 %) samples were collected from patients with fever of unknown origin (T .38 uC), whereas eight (7.8 %) were surveillance samples drawn from central venous catheters. Other clinical characteristics of enrolled patients are presented in Table 2 .
Cultural approach. For each sample, an average of 25 ml blood was inoculated into BacT/Alert FAN aerobic and anaerobic bottles. The bottles were then processed in a BacT/Alert 3D automated blood culture system, with monitoring of carbon dioxide production within each bottle every 10 min 24 h per day. From 8 am to 7 pm, all bottles signalled as positive were removed from the instrument, and an aliquot was taken for Gram stain and culture on solid media for subsequent analysis. Identification and determination of sensitivity to antibiotics were performed with the VITEK 2 system (bioMérieux), and required not less than 24-36 h.
Molecular approach. For each sample, 1.5 ml K-EDTA-treated uncultured blood was processed for the SeptiFast assay. Using this method, the blood sample was mechanically (glass and ceramic beads) and chemically (guanidinium thiocyanate and proteinase K) lysed; the purified DNA was then bound on glass fibre and eluted at high temperature. During the study, in order to minimize the risk of contamination, all extraction procedures were performed in a dead air box situated in a dedicated pre-PCR room. The extracted DNA was then amplified, and the specific melting profile of amplified products was calculated by dedicated software (SeptiFast Software Set), thus allowing the detection of the pathogen and its identification at the genus, and often also at the species, level. During the study, the availability of a single 30-capillary LightCycler 2.0 instrument allowed the simultaneous processing of up to eight samples for the detection of Gram-positive and Gram-negative bacteria and fungi, including a positive and a negative control for each panel. The reported turnaround time of the assay is approximately 6 h from the beginning of the extraction phase (with an operator time requirement of about 3 h), thus allowing two distinct daily runs of the assay with results at 4 pm (starting the extraction phase at 10 am) and 9 am the following day (starting the extraction phase at 4 pm, and an overnight amplification). Once collected, all samples were immediately sent to the laboratory by a pressurized air system that allows the rapid delivery of samples and kept at room temperature until processed. Most samples were collected between 8 am and 9 am and therefore were processed after a maximum of 2 h. The results obtained with the molecular assay were not communicated to the laboratory staff performing the cultural approach.
RESULTS AND DISCUSSION
Among the 103 blood samples, 35 (34 %) samples were positive by at least one of the two methods. Twenty-one (20.4 %) samples were positive by blood culture and 34 (33 %) with SeptiFast (Table 3 ). The analysis of concordance evidenced a low correlation between the two approaches Enterococcus faecalis Aspergillus fumigatus Pseudomonas aeruginosa Stenotrophomonas maltophilia *The following staphylococcal pathogens are detected as a group by a single dual fluorescence resonance energy transfer probe: S. epidermidis; S. haemolyticus; S. hominis (subsp. hominis/novobiosepticus); S. pasteuri; S. warneri; S. cohnii (subsp. urealyticum/cohnii); S. lugdunensis; S. capitis (subsp. urealyticus/capitis); S. saprophyticus; S. saprophyticus subsp. saprophyticus; S. xylosus. DThe following streptococcal pathogens are detected as a group by a single dual fluorescence resonance energy transfer probe: S. pyogenes; S. agalactiae; S. mitis; S. anginosus; S. bovis; S. constellatus; S. cristatus; S. gordonii; S. intermedius; S. milleri; S. mutans; S. oralis; S. parasanguinis; S. salivarius; S. sanguinis; S. thermophilus; S. vestibularis.
(83 %), mainly due to samples that tested negative by culture but positive using the molecular approach. Indeed, 12 out of the 14 cases negative by culture but positive by PCR were observed in sequential samples of patients with initial concordant results on samples drawn before the administration of a specific antimicrobial therapy, thus excluding the possibility of false-positive samples due to contamination. Only in a single patient already under treatment with vancomycin was a single sample positive by PCR for Enterococcus faecium not paralleled by any isolation in culture. Moreover, as described later, in the other discordant case the genome of Aspergillus fumigatus was detected.
Among positive samples, the concordance was very high in terms of identification at the species level, as shown in Table 4 . Importantly, the molecular approach allowed the detection of A. fumigatus in two patients (one with a mixed bacterial and fungal infection) with clinically suspected invasive fungal infections. This diagnosis was further confirmed in both patients, after almost a week, by growth of the mould from bronchoalveolar lavages. In both patients, blood cultures were persistently negative, and levels of galactomannan antigen were continuously borderline.
Finally, the turnaround time for detection of blood culture isolates and definitive identification of the pathogen was compared to the 6 h needed for the LightCycler SeptiFast Test. As reported in Table 4 , even in the two observed cases of fast-growing Escherichia coli, a mean of 10 h of incubation was needed, with definitive identification after an additional 36 h. The time advantage was also more important for negative samples (6 h vs 5 days), given also the very high concordance of samples negative both by PCR and by culture (68/69; 98.6 %). The single discordant case was observed in one bottle positive for a probable contaminant Staphylococcus epidermidis out of three sampled from the same patient.
To the best of our knowledge, this is the first study comparing a molecular approach for the diagnosis of sepsis, with high potential in terms of wide range of detectable pathogens, sensitivity and routine practicability, to a well-known routine classical cultural approach. In the cohort studied, the molecular assay demonstrated several potential advantages that could make it a useful complement to blood culture for the diagnosis of sepsis. Indeed, the molecular method (i) proved to be at least as sensitive as culture, (ii) allowed a faster identification of pathogens, (iii) allowed an even faster identification of negative samples, (iv) was not influenced by ongoing therapy and (v) allowed the rapid detection and identification from blood of fastidious organisms such as A. fumigatus. Overall, the study reported here has addressed a limited group of critical febrile neutropenic patients; studies including larger numbers of patients and patients with different clinical conditions are clearly necessary to validate conclusively this diagnostic methodology. Moreover, although a specific analysis of the assay's cost was not performed in this study (in terms of cost of reagents and of laboratory work), it is possible to speculate that a faster diagnosis could result, especially in critical patients, in a more rational use of antibiotics and antimycotics and therefore also in a possible economical advantage. Indeed, a careful costs/benefits analysis is 
certainly necessary to plan new diagnostic strategies for febrile neutropenic patients. In conclusion, even if a sensitive molecular method cannot completely substitute for blood culture in the near future, the data obtained in this study strongly suggest that molecular assays may help in the development of new algorithms for the diagnosis of sepsis in critical patients.
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